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THIO1)HOSPHAMIDE ON THE FREQUENCY 

A TAXIA -TELANGIEC TASIA 

P .  B o c h k o v , *  UDC 616.831-009.26-06 : [616.16- 
007.64 + 6t7.711]-036.15-07 : 616. 
155.32 : 575.224.23]-23 : 615.277.3 

ataxia-telangiectasia; lymphocyte culture; thiophospharnide; chromosomal aber-  

Ataxia-telangiectasia (AT), or the  Louis--Bar syndrome, is an autosomal-recessive hereditary disease 
with severe progressive cerebel lar  ataxia, disturbances of immunity, and telangiectasias in the cornea and 
skin, and it belongs to the group of syndromes with chromosomal instability. The patients show an increased 
spontaneous level of chromosomal aberrations [1, 5] and predisposition to malignant neoplasms [8]. On the 
question of heterozygous ca r r i e r s  of the AT gene a report  has been published describing some increase in the 
spontaneous levet of chromosomal aberrations in lymphocyte cultures and, in particular,  in fibroblast cultures 
[7]. Induced mutagenesis has not been studied in these cultures. Considering the fact that persons heterozy- 
gous for AT are fairly widespread in the population (about 1%) [6], it was decided to study the principles govern- 
ing induced mutation in their  cells. 

The frequency and spectrum of chromosomal aberrations were compared in cultures of lymphocytes 
from two groups of donors (heterozygotes for  AT and subjects of the control group), exposed to different doses 
of thiophosphamide. 

E X P E R I M E N T A L  M E T H O D  

Cultures of peripheral blood lymphocytes from six heterozygous carriers of the AT gene (parents of 
patients with ataxia-telangieetasia) and from six healthy donors were used. The experiments were carried out 
within a period of 6 months as the patients were admitted, and one essential condition was observed: simul- 

taneously with the lymphocyte culture of the subject heterozygous for AT, a lymphocyte culture of a control 

donor was used in the experiment. This was because the true concentration of commercial thiophosphamide 
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TABLE I. Action of Different Concentrations 

of Thiophosphamide on Lymphocyte Cultures 
of Subjects Heterozygous for AT and Control 

Donors 

Concentration 
of thiophos- 
phamide, 
#g/ml 

10 

:ndivid uai 

Metaphases with chromosomal 
aberrations, ~o _ _  

in heterozv, in control Igotes forAT [donor  

I 
II 

III 
IV 
V 

VI 

13 
31 
21 
30 
11 
19 

7 
16 
15 
22 
18 
22 

15 I 25 19 
I I 49 36 

20 

I 
II 

III 
IV 
V 

VI 

37 
61 
44 
48 
56 
39 

23 
42 
37 
39 
44 
38 

25 I 34 41 
II 64 55 

30 

41 
79 
59 
69 
71 
53 

I 
II 

III 
IV 
V 

V! 

58 
70 
58 
63 
63 
58 

T A B L E  2. 
C o n c e n t r a t i o n  D e p e n d e n c e s  (M �9 m)  

R e s u l t s  o f  R e g r e s s i o n  Analysis o f  

Heterozygotes Control 
Indices for AT donors 

0,4495 

0,3015=h0,4418 
0,02315=0,0208 

0,0980 
6,5327 

Fraction of scatter, 
demonstrated by equa- 
tion 

Coefficients of regression 
equatiom 

a:]::s 
bs=s 

F of inadequacy 
F of regression 

0,8361 

0,03195=0,2443 
0,0319• 

0,1971 
40,8013 

d i f f e r s  in d i f f e r e n t  b a t c h e s  put  on the  m a r k e t .  When the  e x p e r i m e n t s  w e r e  c a r r i e d  ou t  in th i s  way the  c o n c e n -  

t r a t i o n  o f  the  m u t a g e n  was  a l w a y s  the  s a m e  f o r  t h e  h e t e r o z y g o u s  and  c o n t r o l  d o n o r s .  

B l o o d  was  t r e a t e d  with  t h i o p h o s p h a m i d e  in c o n c e n t r a t i o n s  of  b e t w e e n  10 and 30 ~zg/ml f o r  1 h b e f o r e  t he  
beg inn ing  o f  c u l t u r e .  The  m u t a g e n  was  t h o r o u g h l y  w a s h e d  off.  C u l t u r e s  of  l y m p h o c y t e s  f r o m  the  I and rr p a i r s  
o f  i n d i v i d u a l s  (the h e t e r o z y g o u s  c a r r i e r  of  the  AT gene  and t h e  c o n t r o l  donor)  w e r e  t r e a t e d  with  t h i o p h o s p h a -  
m i d e  in f ive  c o n c e n t r a t i o n s  (10, 15, 20, 25, and  3 0 / ~ g A n l ) ,  t h o s e  o f t h e I I I  and IV p a i r s  w e r e  t r e a t e d  with  t h i o -  
p h o s p h a m i d e  in t h r e e  c o n c e n t r a t i o n s  (10, 20, and  30 # g / m l ) .  T h e  c o n d i t i o n s  of  c u l t u r e ,  p r e p a r a t i o n  and s t a i n -  
ing  o f  the  f i l m s ,  and  the  p r i n c i p l e s  of  c y t o g e n e t i c  a n a l y s i s  w e r e  t h o s e  u s u a l l y  adop ted .  The c e l l s  w e r e  f i xed  
a t  the  58th hou r  o f  c u l t u r e .  C o l c h i c i n e  was  a d d e d  2 h b e f o r e  f ixa t ion .  The  s p e c i m e n s  w e r e  n u m b e r e d ;  a t  e a c h  
po in t  100 c e l l s  w e r e  a n a l y z e d ,  m a k i n g  5500 c e l l s  a l t o g e t h e r .  The  f r e q u e n c y  of  c e i l s  wi th  a b e r r a t i o n s  and the  
r a t i o  be tween  the  d i f f e r e n t  t y p e s  o f  c h r o m o s o m a l  s t r u c t u r a l  c h a n g e s  w e r e  e s t i m a t e d .  

The  r e s u l t s  w e r e  s u b j e c t e d  to  s t a t i s t i c a l  a n a l y s i s  by d i s p e r s i o n  [3] and  r e g r e s s i o n  [2] m e t h o d s .  

E X P E R I M E N T A L  R E S U L T S  

T h e  s p o n t a n e o u s  f r e q u e n c y  o f  c e l l s  wi th  c h r o m o s o m a l  a b e r r a t i o n s  in the  c o n t r o l  d o n o r s  was  2.0 • 2.92, 
and  in the  s u b j e c t s  h e t e r o z y g o u s  f o r  A T  i t  was  2.83 • 2.23. S t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  be tw e en  t h e  

g r o u p s  w e r e  not  found ( t=  0.54; n = 9). 
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Fig.  1. Aetion of th iosphosphamide on cul ture  of  
lymphocytes  f rom he te rozygotes  for  AT. Ab-  
sc i s sa ,  th iosphosphamide  concentra t ion  (in 
p g / m l ) ;  ordinate ,  pe rcen tage  of  abe r r an t  m e t a -  
phases .  1) Theore t i ca l  curve  showing dependence 
of f rac t ion  of a b e r r a n t  m e t a p h a s e s  on thiophos-  
phamide concentration in cells of heterozygotes 
for AT; 2) the same in cells from control donors. 

Data showing the frequency of cells with aberrations after exposure to thiophosphamide are given in 
Table i. 

Dispersion analysis, undertaken for the experiments with concentrations of I0, 20, and 30 pg/ml, showed 
that the frequency of cells with chromosomal aberrations in the lymphocyte cultures from the two groups of 
donors differed (F = 7.47; n = i; 0.01 < P < 0.05). Lymphocytes of heterozygotes for AT were more sensitive to 
the action of thiophosphamide than lymphocytes of the control donors. 

Comparison of the concentration dependences in the two groups of donors was carried out for I and II 
pairs of individuals and for treatment with thiophosphamide in five concentrations. 

To analyze the concentration dependence existing data showing that the shape of the curves for the action 

of thiophosphmnide on cultures of lymphocytes from the healthy donor described by the equation: 

p ~ 1 - - e  ( - a + b c V ,  

where  p is the propor t ion  of injured m e t a p h a s e s ,  C the concentra t ion of th iophosphamide,  and a and b a re  
p a r a m e t e r s  of the equation, were  used  as  the s ta r t ing  point [4]. Sta t is t ical  ana lys i s  of the data by the method 
of r e g r e s s i o n  ana lys i s  showed that  this s a m e  equation sa t i s fac to r i ly  desc r ibes  the shape of the concentra t ion  
cu rves  for  the act ion of th iophosphamide on lymphocyte  cul tures  f rom he te rozygotes  for  AT (Table 2, Fig.  1). 

Ext rapola t ion  to the zero point (C = 0 ~ g / m l )  by m e a n s  of this equation for  the group of he te rozygotes  
led  to a higher  than expected level  for  spontaneous c h r o m o s o m a l  a b e r r a t i o n s  ( P o - - 0 . 0 8 6 9 ~  0.1773), which was 
not  o b s e r v e d  in the Control g roup  (p0 = 0.0010 • 0.0579). In this  case  P0 is the theore t ica l ly  calcula ted spon-  
taneous level  of c h r o m o s o m a l  abe r r a t i ons .  Since no d i f ferences  were  obse rved  in the f requency of spontaneous 
c h r o m o s o m a l  abe r r a t i ons  between the two groups  of donors,  it can be tenta t ively  suggested that  in h e t e r o z y -  
gores fo r  AT the sensi t iv i ty  of  the lymphocyte  cul tures  to the action of low concent ra t ions  of  th iophosphamide 
is increased ,  and this  leads  to a higher  than the theore t i ca l ly  expected spontaneous level  of c h r o m o s o m a l  
abe r r a t i ons .  

D i spe r s ion  analys is  of the data for  the ra t io  between the types  of c h r o m o s o m a l  abe r ra t ions  (exchanges,  
single f r agmen t s ,  pa i r ed  f ragments )  in the he te rozygotes  for  AT and the control  donors  showed the absence  
of s ta t i s t i ca l ly  s ignif icant  d i f ferences  in the spec t rum of c h r o m o s o m a l  abe r r a t i ons  between the two groups  of 
donors  (P > 0.05). 

Di f fe rences  betw.een he te rozygo tes  for  A T  and control  donors  in the r eac t ion  to the mutagens  were  thus 
m a n i f e s t e d  only in the f requency of ce l l s  with c h r o m o s o m a l  a b e r r a t i o n s .  It  is not yet  poss ib le  to judge the 
na ture  of the  d i f fe rences  d i scovered .  The r e su l t s  obta ined can, on the one hand, fo rm an addition to the c h a r a c -  
t e r i s t i c s  of  a t ax i a - t e l ang iec t a s i a  as a he r ed i t a ry  d i sease  and, on the o the r  hand, they m a y  prove  useful  for  
d iscuss ion  of the causes  of  the i n c r e a s e d  f requency  of mal ignant  neop lasms  in he te rozygotes  for  AT [9]. 
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